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Description 

[0001 ] The present invention relates to a desiccant comprising anhydrous trehalose as an effective ingredient, as well 
as to a method for dehydrating hydrous matters with said desiccant and to dehydrated products obtainable by the 
5 method. 

[0002] Throughout the specification, the wording "w/w %" will be abbreviated as "%", unless specified otherwise. 
[0003] As disclosed by the present inventors in Japanese Patent Laid-Open Nos. 136,240/87, 152,536/87 and 
152,537/87, conventional dehydration methods using anhydrous saccharides are those wherein a dehydrating activity 
is utilized, said activity being exerted by allowing an anhydrous saccharide to absorb moisture from a hydrous matter to 
10 convert the anhydrous saccharide into a hydrous crystalline form. Unlike heat drying, these methods require no heating 
conditions and have a merit of converting hydrous matters into dehydrated products without deterioration or degenera- 
tion of their quality. 

[0004] tt was found that among the above-mentioned methods the method using anhydrous aldohexoses such as 
anhydrous glucose or galactose as disclosed in Japanese Patent Laid-Open No. 152,536/87, attains a satisfiable dehy- 

15 dration of a relatively large amount of water and readily induces the maillard reaction because such an anhydrous aldo- 
hexose has a non-reducing property and a relatively high reactivity to substances such as amino acids or peptides; and 
because of these, there exists an anxiety about the stability of the resultant dehydrated product. It was also found that 
anhydrous aldohexoses are not convertible into hydrous crystalline aldohexoses even at an elevated humid condition, 
and only exert a poor dehydrating-activity. It was found that in case of using anhydrous maltose as disclosed in Japa- 

20 nese Patent Laid-Open No. 136,240/87 and in case of using anhydrous paratinose as disclosed in Japanese Patent 
Laid-Open No. 152 ,537/87, there still remains an anxiety about a long-term stability of the resultant dehydrated product 
because anhydrous maltose and anhydrous paratinose, even if they have a relatively-low reducing activity, are basically 
reducing sugars. It was also found that the amount of moisture absorbed by anhydrous maltose or anhydrous parati- 
nose is relatively low, i.e. about 5 w/w % with respect to the amount of the anhydrous maltose or the anhydrous parati- 

25 nose, and because of this such saccharides have a demerit that it should be used as a desiccant in a relatively-large 
amount. 

[0005] It may be speculated that anhydrous non-reducing glycosylfructosides such as anhydrous raff inose, anhydrous 
erlose and anhydrous melezrtose as disclosed in Japanese Patent Laid-Open No. 152,537/87 have no reducing activity 
and do not react with amino acids and peptides, and this imparts them a satisfiable shelf-life without inducing the mail- 
30 lard reaction. Anhydrous glycosylfructosides, however, have a fructoside bond with a relatively-low acid tolerance in 
their molecules, and this may lead to an estimation that the anhydrous glycosylfructosides are not necessarily suitable 
as a desiccant for acid hydrous matters. In this case, there still remains an anxiety about stability in the resultant dehy- 
drated products. 

[0006] WO 87/00196 discloses a method of protecting proteins and other macromolecules against denaturation dur- 
35 ing drying, comprising subjecting an aqueous system containing the protein or other macromolecule to drying above 
freezing point in the presence of trehalose. WO 87/00196 does not teach that trehalose may be used or acts as a des- 
iccant. 

[0007] EP-A-0297887 discloses a method of drying a water-containing foodstuff or beverage at a temperature above 
ambient, characterised by incorporating trehalose into the foodstuff or beverage which is to be dried. EP-A-0297887 

40 does not teach that trehalose may be used or acts as a desiccant. 

[0008] WO 86/01103 discloses a method for dehydrating liposomes comprising the steps of preparing a liposome 
preparation which includes one or more protective sugars and removing water from the preparation. The protective 
sugar may be trehalose. WO 86/01 103 does not teach that trehalose may be used or acts as a desiccant. 
[0009] In order to overcome these demerits of conventional dehydration methods using saccharides, the present 

45 inventors have screened natural non-reducing anhydrous saccharides and studied to establish a desiccant with a sat- 
isfiable dehydrating activity, as well as its uses. 

[001 0] As a result, the present inventors found that among the non-reducing anhydrous saccharides as tested anhy- 
drous trehalose (throughout the specification, "a,a-trehalose" and "ct,p-trehaJose" are designated as "trehalose" and 
"neotrehalose" respectively) dehydrates a relatively-large amount of water and exerts a strong dehydrating activity, and 

so that the resultant dehydrated products prepared with the anhydrous trehalose are extremely stable. These render the 
anhydrous trehalose useful as a desiccant in a variety of fields. In other words, the present inventors found that when 
anhydrous trehalose is incorporated into hydrous matters such as hydrous food-products and hydrous pharmaceuticals, 
the anhydrous trehalose is converted into hydrous crystalline trehalose to absorb a relatively-large amount of water in 
the hydrous matters and to exert as a desiccant a strong dehydrating-activity. The anhydrous trehalose is used in a vari- 

55 ety of hydrous matters including hydrous acidic matters. The present inventors also confirmed that anhydrous trehalose 
is used in the preparations of dehydrated products such as dehydrated food products with a satisfiable taste and quality, 
as well as dehydrated pharmaceuticals with a relatively-high activity and stability. Thus, the present inventors accom- 
plished this invention. 



2 



EP0 600 730B1 



[0011] The present invention will now be described further, by way of example only, with reference to the attached 
drawings, in which: 

FIG.1 shows a powder x-ray diffraction figure of hydrous crystalline trehalose. 
5 FIG.2 shows a powder x-ray diffraction figure of anhydrous crystalline trehalose. 
FIG.3 shows a powder x-ray diffraction figure of anhydrous amorphous trehalose. 

[001 2] The present inventors screened desiccants using non-reducing saccharides and chose as the desiccant anhy- 
drous trehalose which had not been deemed to use for that purpose. The present inventors first accomplished the dehy- 
w dration method for a hydrous matter by incorporating anhydrous trehalose thereinto. 

[0013] The dehydration method according to the present invention can be arbitrary used to dehydrate hydrous mat- 
ters, especially, those which contain a free water different from a bonded water such as a water of crystal. For example, 
the present method can be advantageously used to decrease the moisture content in atmosphere of a moistureproof 
package enclosing a dehydrated food product, as well as to decrease the moisture content in a variety of hydrous mat- 
te ters such as food products, pharmaceuticals, cosmetics, chemicals for industrial uses, and their materials or intermedi- 
ates. 

[001 4] The present inventors found that when anhydrous trehalose is incorporated into the above-mentioned hydrous 
matters, it entraps about 1 0 w/w % moisture from the hydrous matters as a water of crystal in hydrous crystalline treha- 
lose, which is 2-fold higher than that attained with anhydrous maltose, and substantially eliminates the moisture from 

20 the hydrous matters or even brings them to dryness. 

[0015] It was also found that the relative humidity in a moistureproof package enclosing a dehydrated food product, 
for example, "ajitsuke-nori" (seasoned laver) and cookie, is extremely decreased by placing in the moistureproof pack- 
age a small moisture-permeable paper-bag injected with anhydrous trehalose, whereby the quality of the dehydrated 
food product or powdery product is stabilized over a relatively-long period of time. 

25 [001 6J Since anhydrous trehalose neither becomes sticky nor gutters during or after conversion into hydrous crystal- 
line trehalose, dehydrated food products and moistureproof packages are free from staining. Anhydrous trehalose pre- 
vents the solidification of powdery products and their adhesion to moistureproof packages. In addition, trehalose per se 
causes no side effect because it is a non-toxic and harmless natural-sweetener. 

[0017] According to the present invention, high-quality food products with a substantially-decreased moisture in the 

30 form of, for example, massecuite or powder, can be readily prepared by incorporating anhydrous trehalose into food 
products with a relatively-high moisture content in liquid or paste form, for example, brandy, vinegar, royal jelly, fresh 
cream and mayonnaise to convert the anhydrous trehalose into hydrous crystalline trehalose. 
[0018] The dehydration method according to the present invention is characterized in that it utilizes a stable non- 
reducing saccharide, i.e. anhydrous trehalose, and requires no heat treatment such as heat drying, whereby a rela- 

35 tively-high moisture content food product in liquid or paste form is readily converted into a dehydrated product with a 
decreased moisture and a satisf iable flavor and taste without alternating or deteriorating the food product. 
[0019] It was found that dehydrated food products in which anhydrous trehalose has been partially converted into 
hydrous crystalline trehalose, i.e. dehydrated food products containing anhydrous trehalose are obtainable by adding 
an excessive amount of anhydrous trehalose to material food products in an amount of which exceeds the moisture 

aq content in the food products; and that when the dehydrated food products are injected into moistureproof packages the 
moisture in the packages are entrapped by the anhydrous trehalose for its conversion into hydrous crystalline trehalose, 
whereby the relative humidity in the packages is decreased by a large margin and the atmosphere in the packages are 
kept at a relatively-high dryness. As a result, it was found that the dehydrated food products obtained by the present 
invention are prevented from bacterial contamination, as well as alteration or deterioration such as hydrolysis, souring 

45 and browning, and because of this the products with a satisf iable quality and taste are stably retained for a relatively- 
long period of time. 

[0020] In the preparation of dehydrated pharmaceuticals with a high quality and a substantially-decreased moisture 
level, for example, those in the form of massecuite and powder are readily prepared by incorporating anhydrous treha- 
lose into pharmaceuticals in liquid form such as those containing lymphokines and antibiotics, as well as those in paste 
so form such as ginseng extract and snapping turtle extract, to convert the anhydrous trehalose into hydrous crystalline 
trehalose. 

[0021] The preparations can provide a high quality and stable dehydrated-pharmaceuticals because they do not 
require severe conditions such as heat drying, and because the anhydrous trehalose acts as a desiccant and stabilizer. 
[0022] Conventional stabilizers such as water-soluble high molecular-weight substances substantially do not waste 
55 energy for their drying so that they can be favorably added to the dehydrated pharmaceuticals to improve their qualities 
and stabilities. 

[0023] The present invention can be advantageously practiced in the preparations of solid pharmaceuticals by placing 
a prescribed amount of anhydrous trehalose, for example, in a vial; adding to the vial an aqueous solution containing a 
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biologically active substance such as a lymphokine or a hormone in an amount of which is slightly-lower than the mois- 
ture content required for the complete conversion of the anhydrous trehalose into hydrous crystalline trehalose; and cap 
sealing the vial. 

[0024] In this case, it was found that the anhydrous trehalose dehydrates the aqueous solution containing a biologi- 
5 cally active substance, and dehumkJifies the atmosphere in the vial. 

[0025] It was also found that as a consequence the present invention facilitates the preparation of dehydrated solid 
pharmaceuticals, and still that the solid pharmaceuticals retain their high-quality over a relatively-long period of time 
and readily dissolve in water on use. 

[0026] High quality and stable solid pharmaceuticals can be advantageously prepared by mixing a prescribed amount 
io of anhydrous trehalose while stirring with a prescribed amount of an aqueous solution containing a biologically active 
substance, placing the resultant powdery product in a container, and sealing the container. If necessary, the powdery 
product can be suitably formed into a granule or a tablet in usual manner. 

[0027] As described above, unlike conventional desiccants such as a silica gel and a calcium oxide, the present des- 
iccant using anhydrous trehalose is edible, and, therefore it is assimilable and alimentary in the body. It also acts as a 
is stabilizer for biologically active substances. 

[0028] The present inventors studied on the preparation of anhydrous trehalose, especially, the preparation of a pow- 
dery anhydrous trehalose. 

[0029] The anhydrous trehaloses suitably used in the invention are. for example, anhydrous crystalline trehalose and 
anhydrous amorphous trehalose. 
20 [0030] In Journal of the Chemical Society, pp.3,489-3,490 (1 965), G. Birch reported a preparation of anhydrous crys- 
talline trehalose by crystallizing it in pyridine. The preparation is, however, expensive because it requires an excessive 
amount of pyridine as a solvent, and not satisf iaMe in view of the food sanitation. 

[0031 ] In view of the prior art, the present inventors studied the preparation of a powdery anhydrous crystalline tre- 
halose and established the preparation thereof, e.g. a preparation which comprises providing an aqueous solution in 

25 which a commercially available hydrous trehalose has been dissolved or providing an aqueous trehalose solution pre- 
pared by extracting trehalose from yeasts and purifying the resultant extract in accordance with a method as described 
by M. Hayashibe and K. Aso in Hakko-Kyokai-shi, Vol.1 7, pp.106-1 15 (1959); preparing such an aqueous solution into 
a syrup with a relatively-high concentration and a moisture content lower than about 10%. preferably, 2.0 % or higher 
but lower than 9.5%; keeping the syrup in the presence of a seed crystal at a temperature of 50-1 60°C to crystallize 

30 anhydrous crystalline trehalose; and pulverizing the resultant crystal. 

[0032] The pulverizing methods usable in the invention are suitably chosen from conventional methods such as a 
block pulverization, extruding granulation, f luidized-bed granulation and spray-drying. The anhydrous amorphous tre- 
haloses usable in the invention can be prepared from a commercially-available hydrous crystalline trehalose or a high- 
concentration solution of a high-purity trehalose extracted and purified from yeasts. 

35 [0033] In the case of using hydrous crystalline trehalose as a material for anhydrous trehalose, the hydrous crystalline 
trehalose is dissolved in water, dried in vacuo or at an atmospheric pressure and at a temperature of about 100-160°C, 
and pulverized to obtain anhydrous trehalose. In the case of using an aqueous solution of a high-purity trehalose as a 
material for anhydrous trehalose, for example, an about 70-90% trehalose syrup can be advantageously dried in vacuo 
or at an atmospheric pressure, and pulverized into anhydrous trehalose. Alternatively, an about 60-85% trehalose syrup 

40 can be advantageously subjected to a spray-drying such as a high-pressure nozzle method and a rotating disk method 
to directly obtain a powdery anhydrous trehalose. 

[0034] The powdery anhydrous trehaloses usable in the invention are non-reducing saccharide powders in white hav- 
ing (i) a satisfactorily high-quality and low-sweetness; (ii) a relatively-low moisture content or substantially anhydrous, 
usually, 3% or lower, preferably, 2% or lower on the Karl Fischer's method; and (iii) a substantial free-flowing ability 

45 which may be varied dependency on their particle size and shape. 

[0035] The anhydrous trehalose as referred to in the invention includes any substantially anhydrous trehalose as long 
as it absorbs moisture and converts into hydrous crystalline trehalose to exert a strong dehydrating activity. In order to 
augment the effect of anhydrous trehalose as a desiccant, it can be advantageously practiced to coexist in a powdery 
anhydrous amorphous trehalose the lowest possible amount of hydrous crystalline trehalose as a seed crystal, usually, 

50 in an amount lower than 5%, preferably, lower than one %. whereby the conversion rate of anhydrous trehalose into 
hydrous crystalline trehalose is improved. 

[0036] It was found that the powdery anhydrous trehalose thus obtained acts as a desiccant with a strong dehydrating 
activity against hydrous matters in a manner that it entraps and fixes the moisture contained in hydrous matters such 
as food products, pharmaceuticals, cosmetics and industrial chemicals when incorporated into the hydrous matters. 
55 [0037] The present desiccant can be advantageously used to dehumidify and dry the atmosphere in a moistureproof 
package, as well as to prepare a high-quality dehydrated product in massecuite or powder form from a hydrous matter 
which is susceptible to alteration and deterioration during heat drying- or vacuum drying-step, as well as from those 
which are substantially difficult to dry. 
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[0038] The present deaccant can be suitably used to dehumidify and dry hydrous matters. For example, it can be 
used to prevent "ajhsuke-nori" and cookies from absorbing moisture, or advantageously incorporated into powdery 
products which readily absorb moisture to form solid products, for example, ready-mixed powders such as those of 
purine and hot cake; powdery seasonings such as salt, sugar, powdered soy sauce, powdered "m 'tso" (soybean paste). 

5 powdered "sushi-su" (a vinegar), powdered "dashi-no-moto", powdery mixed seasoning, powdered paprika, powdered 
garlic, powdered cinnamon, powdered nutmeg, powdered pepper and powdered sage; and other powdery products 
such as powdered yeast extract powered milk, powdered yogurt, powdered cheese, powdered juice, powdered herb, 
powdered vitamin, granulated soup, granulated bouillon, fish flour, blood meal, bone meal, powdered agent of lactic 
acid bacteria, powdered enzyme and granulated digestive; followed by placing the resultant dehydrated product into a 

w package, whereby (i) the relative humidity within the package is decreased, and (ii) the resultant product is prevented 
from solidification and adhesion to the package, and satisfactorily retains its quality for a relatively-long period of time. 
[0039] The desiccant according to the present invention can be suitably used to dehydrate hydrous matters such as 
organs, tissues, cells, homogenates, extracts and components derived from animals, plants and microorganisms, as 
well as preparations therefrom. 

15 [0040] When a hydrous matter is a food product, or its materials or intermediates in liquid or paste form, a stable and 
tasty dehydrated food product can be readily prepared according to the invention. Examples of such a hydrous matter 
are agricultural products such as a fresh fruit juice, vegetable extract, soybean milk, sesame paste, nut paste, "nama- 
an" (unsweetened bean jam), gelatinized starch paste and wheat flour; marine products such as a sea urchin paste, 
oyster extract and sardine paste; poultry and livestock products such as a fresh egg, lecithin, milk, whey, fresh cream, 

20 yogurt, butter and cheese; hydrous seasonings such as a maple syrup, honey, "miso" (soybean paste), soy sauce, may- 
onnaise, dressing, bonito extract, meat extract tangle extract, chicken extract, beef extract, yeast extract, mushroom 
extract licorice extract, stevia extract, enzymatically processed product thereof and seasoning liquid for pickles; liquors 
such as a Japanese sake, wine, brandy, whisky and medical liqueur; soft drinks such as a tea. green tea and coffee; 
hydrous spices such as those extracted from peppermint, "wasabi" (Japanese horseradish), garlic, mustard, "sansho" 

25 (Japanese pepper tree), cinnamon, sage, laurel, pepper and citrus fruit; hydrous coloring agents such as those 
extracted from madder, annatto (Bixa orellana), turmeric, paprika, red beet saff lower, cape jasmine, saffron and extract 
from microorganism of the genus Monascus; hydrous emulsifiers such as a fatty acid sugar ester, glycerine, fatty acid 
ester and sorbitan fatty acid ester; and preservatives in liquid or paste form such as a smoke solution and a fermented 
solution. 

30 [0041] The dehydrated products obtained in this way, for example, a powdered agricultural- or poultry-product, pow- 
dered oil and fat, powdery flavor and powdery coloring agent can be conveniently used, for example, as a natural bulk 
flavor excellent in taste and flavor, in various food products, for example, seasonings such as a mayonnaise and soup 
stock; confectioneries such as a hard candy and cake; and materials for food products such as a hot cake mix and 
instant juice. 

35 [0042] When a hydrous matter is a pharmaceutical, or its material or intermediate, it can be readily prepared into a 
stable and highly-active pharmaceutical according to the present invention without inactivating the effective ingredients. 
Examples of such a hydrous matter are a solution containing lymphokine such as an a-, p- or ^interferon, tumor necro- 
sis factor-a (TNF-a), tumor necrosis factor-p (TNF-p), macrophage migration inhibitory factor, colony-stimulating factor, 
transfer factor and interleukin 2; a solution containing hormone such as insulin, growth hormone, prolactin, erythropoi- 

40 etin and follicle-stimulating hormone; a solution containing a biological preparation such as BCG vaccine, Japanese 
encephalitis vaccine, measles vaccine, live polio vaccine, smallpox vaccine, tetanus toxoid, Trimeresurus antitoxin and 
human immunoglobulin; a solution containing an antibiotic such as penicillin, erythromycin, chloramphenicol, tetracy- 
cline, streptomycin and kanamycin sulfate; a solution containing a vitamin such as thiamine, riboflavin, L-ascorbic acid, 
liver oil, carotenoid, ergosterol and tocopherol; a solution containing an enzyme such as lipase, elastase, urokinase. 

45 protease, p-amylase, isoamylase, glucanase and lactase; an extract such as ginseng extract, snapping turtle extract, 
chlorella extract, aloe extract and propolis extract; a paste of cell or minute infectious agent such as those of virus, lactic 
acid bacterium and yeast; and a liquid or paste such as royal jelly. 

[0043] In order to dehydrate hydrous matters such as a cosmetic and its materials or intermediates, a high-quality 
cosmetic can be readily prepared by dehydrating a hydrous matter such as a fresh egg, lecithin, fresh cream, honey, 

so licorice extract, flavor, coloring agent or an enzyme similarly as in the cases of food products and pharmaceuticals. 
[0044] The cosmetic thus obtained can be advantageously used as a skin- or hair-treatment, as well as a hair restorer. 
When a dehydrated product is of an enzyme, it can be advantageously used as a therapeutic agent, digestive and enzy- 
matic detergent, as well as a catalyst for the preparations of food products, pharmaceuticals and industrial materials. 
[0045] Any conventional method such as mixing, kneading, dissolving, permeating, soaking, sprinkling, coating, 

55 spraying, crystallizing and injecting can be suitably employed as a method to incorporate anhydrous trehalose into 
hydrous matters before the completion of the processings of the objective dehydrated products. 
[0046] Although the amount of anhydrous trehalose to be incorporated into a hydrous matter is varied dependently 
on the moisture content and property of the hydrous matter, it is generally 0.01-200 parts by weight, desirably. 0.01-50 
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parts by weight against one part by weight of the hydrous matter. If necessary, the anhydrous trehalose may be incor- 
porated into a hydrous matter after the hydrous matter has been partially dehydrated or concentrated by conventional 
method. In such a case, in order to improve the quality of the objective dehydrated-products such as food products, 
pharmaceuticals and cosmetics, an adequate flavor-imparting agent, coloring agent, taste-imparting agent, stabilizer 

5 and/or filler can be suitably used in combination with the anhydrous trehalose. 

[0047] Examples of such a stabilizer are water-soluble polymers which have been hardly deemed to be dehydrated, 
and not limited to a relatively-low molecular-weight compound such as an antioxidant because the present method for 
dehydration employs anhydrous trehalose with a strong dehydrating activity. Examples of such a water-soluble polymer 
suitably used as a stabilizer in the invention are soluble starch, dextrin, pullulan, elsinan, dextran. xanthan gum, gum 

10 arabic, locust bean gum, guar gum, tragacanth gum. carboxymethyl starch, hydroxyethyl cellulose, pectin, agar, gelatin, 
albumin and casein. 

[0048] When such a water-soluble polymer is used as a stabilizer, a dehydrated food product containing microcrystals 
of hydrous crystalline trehalose can be prepared by first dissolving a water-soluble polymer to homogeneity in a hydrous 
matter in liquid or paste form, then incorporating anhydrous trehalose to homogeneity into the resultant solution by a 

is method such as mixing or kneading. 

[0049] The product thus obtained retains the flavor and effective components of the material hydrous matter because 
the flavor and effective components are coated with a membrane of the above-mentioned water-soluble polymer, or 
enclosed in a microcapsule surrounded by the membrane together with the microcrystals of hydrous crystalline treha- 
lose. Because of this, the flavor and effective components are prevented from volatilization and deterioration, and stably 

20 retained in the microcapsule. If necessary, cyclodextrins, which form an inclusion complex with the flavor and the effec- 
tive components, can be suitably used as a water-soluble polymer in combination with the anhydrous trehalose. 
[0050] The cyclodextrins usable in the invention are not restricted to those with the highest possible purity, and may 
be those with a relatively-low purity which can be hardly dried and pulverized. For example, syrups of a partial starch 
hydrolyzate containing cyclodextrins together with a large amount of maftodextrins can be favorably used. The methods 

25 to prepare dehydrated products usable in the present invention, especially, those to prepare powdery products are var- 
ied. For example, dehydrated products or powdery products can be prepared by a method comprising homogeneously 
mixing a hydrous matter having a relatively-high moisture content such as food products, pharmaceuticals, cosmetics 
and their materials or intermediates with anhydrous trehalose to obtain a mixture having a moisture content of about 
40% or lower, preferably, 10-30%; placing the mixture in a container; allowing the container to stand at about 10-50°C, 

30 e.g. at an ambient temperature, for about 0.1-5 days to solidify the mixture while the anhydrous trehalose was allowing 
to convert into hydrous crystalline trehalose; and cutting or pulverizing the resultant solid product. If necessary, a drying 
step and/or a classification step may be added to the cutting or pulverizing step. Furthermore, powdery products can 
be directly obtained by subjecting a mixture of a hydrous matter and anhydrous trehalose to a spray-drying, etc. 
[0051 ] Such a powdery product can be also prepared by a method (I) comprising spraying a prescribed amount of a 

35 hydrous matter in liquid or paste form to anhydrous trehalose in a state of flux, granulating the resultant mixture while 
the hydrous matter was allowing to contact with the anhydrous trehalose, and, if necessary further ageing the resultant 
granule at a temperature of about 30-60°C for about 0. 1 -1 0 hours to convert the anhydrous trehalose into hydrous crys- 
talline trehalose; and a method (II) comprising mixing or kneading anhydrous trehalose with a hydrous matter in liquid 
or paste form, and spraying the resultant mixture instantly or after the initiation of the conversion of the anhydrous tre- 

40 halose into hydrous crystalline trehalose. If necessary, the powdery product thus obtained may be further aged similarly 
as the method (I) to convert the anhydrous trehalose into hydrous crystalline trehalose. The methods (I) and (II) can be 
suitably employed in the invention as a mass production of a powdery dehydrated-product. 

[0052] In the case of such a spray-drying, it can be advantageously practiced to coexist with anhydrous trehalose the 
lowest possible level of hydrous crystalline trehalose as a seed crystal in order to promote the conversion of the anhy- 
45 drous trehalose into hydrous crystalline trehalose, whereby the ageing period of time is satisfactorily shortened or the 
ageing step can be even eliminated. The powdery dehydrated-product thus obtained can be used alone, and. if neces- 
sary it can be formed into a product in liquid or paste form in combination with a filler, excipient, binder and/or stabilizer, 
and freely formed into a granule, tablet, capsule, rod, plate or cube. 

[0053] Sugar-coating products can be advantageously prepared by coating a core or a center, for example, a food 
so product such as a peanut, almond or candy, or a pharmaceutical intermediate in the form of a granule or a crude tablet, 
with an aqueous solution containing about 60-90% of anhydrous trehalose, preferably, a solution containing anhydrous 
trehalose together with an adequate amount of a binder such as a water-soluble polymer to crystallize hydrous crystal- 
line trehalose on the core. 

[0054] Generally, starch requires a relatively-large amount of moisture when swells and gelatinizes. For this reason, 
55 gelatinized starch is highly susceptible to bacterial contamination. Anhydrous trehalose can be favorably used as a des- 
iccant for dehydrating such a gelatinized starch. For example, "gyuhi" (a gelatinized starch in paste form) is prevented 
from bacterial contamination by incorporating anhydrous trehalose into the gelatinized starch to convert the anhydrous 
trehalose into hydrous crystalline trehalose, whereby the moisture in the gelatinized starch is substantially decreased. 
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[0055] Anhydrous trehalose readily disperses homogeneously into gelatinized starch and acts as a retrogradation- 
preventing agent, and because of this anhydrous trehalose satisfactorily prolongs the shelf life of a variety of processed 
food products containing gelatinized starch. 

[0056] Anhydrous trehalose can be used as a food preservative, stabilizer and quality-improving agent in hydrous food 
5 products having a relatively-high moisture content such as a peeled banana, orange, sliced steamed-potato, opened 
horse-mackerel, Pacific saury, raw noodle, boiled noodle and bean-jam cake by sprinkling anhydrous crystalline treha- 
lose as an anhydrous trehalose over the surface of the hydrous food products to convert the anhydrous crystalline tre- 
halose into hydrous crystalline trehalose, whereby the moisture on the surface of the hydrous food products is 
substantially decreased, and their qualities and shelf lives are satisfactorily improved and prolonged. In this case, when 
w a more prolonged shelf life is required, the anhydrous crystalline trehalose can be suitably used in combination with lac- 
tic acid, citric acid and/or ethanol; and, if necessary the resultant dehydrated products may be subjected to a vacuum 
package, a gas flush package or a cold storage. 

[0057] Anhydrous trehalose has a relatively-high affinity for alcohols. This property renders anhydrous trehalose use- 
ful as a desiccant to remove moisture contained in alcohols such as methanol, ethanol, butanol, propylene glycol, give- 
rs erin and polyethylene glycol, as well as in alcohol-soluble substances. 

[0058] For example, dehydrated liquors in massecuite or powdery form, which retain the effective ingredients and fla- 
vors of liquors, can be prepared by dehydrating with anhydrous trehalose liquors such as "sake" (Japanese rice wine), 
"shochu" (low-class distilled spirits), wine, brandy, whisky and vodka. The powdery dehydrated-liquors thus obtained 
can be used in confectioneries and ready-mix powders, or used by dissolving them in water prior to their use. 
20 [0059] In this case, anhydrous trehalose can exert a satisf iable effect as a desiccant and stabilizer, as well as a mild 
sweetener, filler and adequate viscosity-imparting agent. 

[0080] Effective elements such as iodine can be stably retained by mixing an alcohol-soluble substance such as 
iodine with anhydrous trehalose, and mixing the resultant mixture with an aqueous solution containing a water-soluble 
high molecular-weight substance to convert the anhydrous trehalose into hydrous crystalline trehalose. Thus, an oiht- 

25 ment in massecuite form having an adequate viscosity, extensibility and adhesiveness can be favorably prepared. 
[0061] Dehydrated products, for example, powdery food products such as those of oils and fats, seasonings, flavors 
and color-imparting agents; powdery cosmetics; and powdery pharmaceuticals such as those of vitamins and hor- 
mones can be favorably prepared by incorporating anhydrous trehalose into their material products to convert it into 
hydrous crystalline trehalose while impregnating or mixing the anhydrous trehalose with a latex, an emulsified product 

30 or a hydrous oil-soluble substance. 

[0062] In this case, anhydrous trehalose acts as a desiccant, and the converted hydrous crystalline trehalose acts as 
a stabilizer, preservative, filler and carrier. 

[0063] Anhydrous trehalose can be suitably used in food products containing oil-soluble substances such as a choc- 
olate and cream filling which are apt to be readily damaged by moisture. In this case, anhydrous trehalose is used as a 
35 desiccant. as well as an agent for improving the processibility. flavor and meltability in the mouth. The dehydrated food 
products thus obtained has a relatively-long shelf-life. 

[0064] As described above, the present invention was made based on the findings that anhydrous trehalose strongly 
dehydrates hydrous matters, and that the resultant dehydrated products have a satisf iable stability. By using the anhy- 
drous trehalose as a desiccant, high-quality food products and cosmetics with a decreased moisture-content can be 
40 favorably prepared without deteriorating or losing their flavors and tastes; and high-quality pharmaceuticals and cos- 
metics with a decreased moisture-content can be favorably prepared without decomposing or losing their effective 
ingredients or activities 

[0065] In addition to the aforementioned specific properties, anhydrous trehalose as a natural sweetener is readily 
assimilated and utilized by the body without fear of causing cariogenicity and increasing the blood cholesterol-level, and 
45 has substantially the same level of nutritive value as maltooligosaccharides. Anhydrous trehalose has a mild sweet- 
ness, body-imparting ability, gloss-imparting ability, viscosity-imparting ability and moisture- retaining ability, and these 
render it advantageously useful in food products, pharmaceuticals and cosmetics. 
[0066] The followings are illustrative of additional uses of anhydrous trehalose: 

[0067] Anhydrous trehalose can be used as a seasoning with a strong dehydrating activity. If necessary, it can be used 
50 together with one or more other sweeteners, for example, powdered syrup, glucose, isomerized sugar, sucrose, mal- 
tose, honey, maple sugar, sorbitol, maltitol, dihydrocharcone, stevioside. a-glycosyl stevioside, sweet substance 
derived from Momordica grosvenoh Swingle, glycyrrhizin, thaumatin, L-aspartyl L-phenylalanine methyl ester, saccha- 
rin, glycine and alanine; and/or a filler such as dextrin, starch and lactose. 

[0068] Anhydrous trehalose, a non-reducing saccharide, has features: (i) it has the inherent mild sweetness of treha- 
55 lose; (ii) it well harmonizes with other materials having sour-, acid-, salty-, bitter-, astringent- and delicious-tastes, and 
(iii) it is highly acid- and heat-resistant. Thus, anhydrous trehalose can be favorably used in food products in general as 
a desiccant, as well as a sweetener, taste-improving agent and quality-improving agent. 

[0069] Anhydrous trehalose is used as a desiccant, sweetener, taste-improving agent and quality-improving agent in 
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seasonings such as soy sauce, powdered soy sauce, "m/so", 'iunmatsu-miso* (a powdered miso), "moromi"(a refined 
sake), "hishio" (a refined soy sauce), "furikake" (a seasoned fish meal), mayonnaise, dressing, vinegar, "sanbai-zu" (a 
sauce of sugar, soy sauce and vinegar), "funmatsu-sushi-su" (powdered vinegar for sushi), "chuka-no-moio" (an 
instant mix for Chinese dish), "tentsuyu* (a sauce for Japanese deep-fat fried food), "mentsuyu" (a sauce for Japanese 
5 vermicelli), sauce, catsup, "yakiniku-nb-tare" (a sauce for Japanese grilled meat), curry roux, instant stew mix, instant 
soup mix, "dashi-no-moto" (an instant stock mix), mixed seasoning, "mirin" (a sweet sake), "shin-mirin" (a synthetic 
mirin), table sugar and coffee sugar. 

[0070] Also, anhydrous trehalose can be freely used for dehydrating "wagashi" (Japanese cakes) such as "senbe'r 
(a rice cracker), "arare-mochi" (a rice-cake cube), "okoshi" (a millet-and-rice cake), "gyuhi" (a rice paste), "mochi" (a 

io rice paste), "manju" (a bun with a bean-jam), "uiro" (a sweet rice jelly). m an" (a bean jam), "yokan" (a sweet jelly of 
beans), n mizu-yokan m (a soft adzuki-bean jelly), "kingyoku" (a kind of yokan), jelly, pao de Castella and "amedama" (a 
Japanese toffee); confectioneries such as bakery products such as bun, biscuit, cracker, cookie, pie, pudding, butter 
cream, custard cream, cream puff, waffle, sponge cake, doughnut chocolate, chewing gum, caramel and candy; frozen 
desserts such as ice cream and sherbet; syrups such as "kajitsu-no-syrup-zuke" (a preserved fruit) and "korimitsu" (a 

15 sugar syrup for shaved ice); pastes such as flour paste, peanut paste and fruit paste; processed fruits and vegetables 
such as jam. marmalade, "syrup-zuke" (fruit pickles) and "toka" (conserves); pickles and pickled products such as 
"fukujin-zuke" (red colored radish pickles), "bettara-zuke" (a kind of whole fresh radish pickles), "senmai-zuke" (a kind 
of sliced fresh radish pickles) and "rakkyo-zuke" (pickled shallots); premixes for picWes and pickled products such as 
"takvan-zuke-no-moto" (a premix for pickled radish) and "hakusai-zuke-no-moto" (a prerrdx for fresh white rape pick- 

20 les); meat products such as ham and sausage; fish meat products such as fish ham, fish sausage, "kamaboko" (a 
steamed fish paste), "chikuwa" (a kind of fish paste) and "tenpura" (a Japanese deep-fat fried fish paste); "chinmi" (rel- 
ish) such as "uni-no-shiokara" (salted guts of sea urchin), "ika-no-shiokara" (salted guts of squid), "su-konbu" (proc- 
essed tangle), "saki-survme" (dried squid strips), "fugu-no-mirin-boshi" (a dried mirin-seasoned swellfish), and mashed 
and seasoned food of cod, sea bream and shrimp; "tsukudani" (foods boiled down in soy sauce) such as those of laver, 

25 edible wild plants, dried squid, fish and shellfish; daily dishes such as "nimame" (cooked beans), potato salad and 
"konbu-maki" (a tangle roll); milk products; canned and bottled products such as those of meat, fish meat, fruit and veg- 
etable; alcoholic beverages such as synthetic sake, "zozyo-shu", fruit wine and liquors; soft drinks such as coffee, 
cocoa, juice, carbonated beverage, sour milk beverage and beverage containing a lactic acid bacterium; instant food 
products such as instant pudding mix, instant hot cake mix, juice power, instant coffee, "sokuseki-shiruco" (an instant 

30 mix of adzuki-bean soup with rice cake) and instant soup mix; as well as for sweetening the aforementioned food prod- 
ucts and improving their tastes and qualities. 

[0071 ] The following experiments explain the present invention in detail: 
Experiment 1 

35 

Com parison of dehydrating activities of non-reducing saccharides and stabilities of dehydrated products prepared 
therewith 

[0072] Non-reducing saccharides used in this experiment were sucrose, anhydrous crystalline trehalose, anhydrous 
40 amorphous trehalose, hydrous crystalline trehalose, anhydrous amorphous neotrehalose, hydrous crystalline neotre- 
halose, hydrous amorphous erlose, hydrous crystalline erlose. anhydrous amorphous raffinose, hydrous crystalline 
raffinose, anhydrous amorphous melezitose and hydrous crystalline melezitose. The sucrose, hydrous crystalline tre- 
halose, hydrous crystalline erlose, hydrous crystalline raffinose and hydrous crystalline melezitose were the grades of 
commercially available reagents. The anhydrous crystalline trehalose and anhydrous amorphous trehalose were 
45 respectively prepared by the methods in Examples for reference 1 and 3. The anhydrous crystalline neotrehalose was 
prepared by the method in Experiment 2 as disclosed in Japanese Patent Laid-Open No. 179.490/92. The anhydrous 
amorphous neotrehalose. anhydrous amorphous erlose, anhydrous amorphous raffinose and anhydrous amorphous 
melezitose were respectively prepared by dissolving each of them in water, and drying the resultant solution in vacuo 
at an ambient temperature. 

so [0073] The non-reducing saccharides were studied on their dehydrating activities. A mixture, obtained by mixing 2 
parts by weight of a plane yogurt with 8 parts by weight of one of the non-reducing saccharides, was placed in a con- 
tainer and allowed to stand at 25°C overnight, followed by observing the macroscopic change of the resultant mixture. 
The dehydrating activities of the non-reducing saccharides were graded into 3 ranks, i.e. "High" meaning that it formed 
a complete solidification; "Low", that it formed an incomplete solidification; and "Non", that it showed no substantial 

55 change. 

[0074] The completely solidified-products were studied on their stabilities: Each product was pulverized by a cutter to 
obtain a powdery product which was then granulated to give a granular size of about 100-150p.m. Thirty g aliquots of 
the granules were placed in plastic petri-dishes, and allowed to stand at 37°C and a relative humidity of 70% for 2 
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weeks, followed by comparing the degree of color of the resultant product The degree of color was defined as a differ- 
ence between the absorbances at the wave lengths of 420nm and 720nm determined in a 10-cm cell with a supernatant 
prepared from a 30 w/v suspension of each solidified product The stabilities of the dehydrated products were graded 
into the following ranks: "Superior meaning that it showed a degree lower than 0.1 ; "Middle", that it showed a degree 
of 0.1 or higher but lower than 0.2; and "Inferior'', that H showed a degree of 0.2 or higher. 
[0075] The results were as shown in Table 1 . 



Table 1 



Saccharide 


Macroscopic Change 


Dehydrating activity 


Stability of dehydrated 
product 


Judgement 


Sucrose 


Unchanged 


Non 




Control 


Anhydrous crystalline 
trehalose 


Completely solidified 


High 


Superior 


Present invention 


Anhydrous amor- 
phous trehalose 


Completely solidified 


High 


Superior 


Present invention 


Hydrous crystalline 
trehalose 


Unchanged 


Non 




Control 


Anhydrous amor- 
phous neotrehalose 


Incompletely solidified 


Low 




Control 


Hydrous crystalline 
neotrehalose 


Unchanged 


Non 




Control 


Anhydrous amor- 
phous erlose 


Completely solidified 


High 


Inferior 


Control 


Hydrous crystalline 
erlose 


Unchanged 


Non 




Control 


Anhydrous amor- 
phous raffinose 


Completely solidified 


High 


Inferior 


Control 


Hydrous crystalline 
raffinose 


Unchanged 


Non 




Control 


Anhydrous amor- 
phous melezitose 


Incompletely solidified 


Low 




Control 


Hydrous crystalline 
melezitose 


Unchanged 


Non 




Control 


Note: In the Table, the symbol means that the stability test of a mixture could not be done because of its incomplete 
solidification. 



[0076] As evident from the results in Table 1 . it was revealed that the anhydrous crystalline trehalose and the anhy- 
drous amorphous trehalose had a strong dehydrating activity, and the dehydrated products prepared therewith had a 
satisfactorily-high stability. Thus, anhydrous trehalose can be advantageously used as a desiccant. 

Experiment 2 

Dehydra ti o n b y anhydrous trehalose 

[0077] Anhydrous crystalline trehalose and anhydrous amorphous trehalose as an anhydrous trehalose were studied 
on their dehydrating activities, i.e. the levels of their dehydrating activities and their dehydrating moisture-levels were 
experimented in detail. As a control, hydrous crystalline trehalose was used. The procedure of this experiment was as 
follows: Each anhydrous trehalose obtained by the method in Experiment 1 was prepared into a powdery product hav- 
ing a grain size of about 100-150um. One g of the powdery product was placed in a plastic petri-dish having a diameter 
of 5cm, and allowed to stand at 25°C and a relative humidity of 70%, followed by measuring the moisture content (%) 
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of the resultant product at a prescribed time-interval. The results were as shown in Table 2. 



Table 2 



Time 


0 


4 


8 


24 


72 


Trehalose 












Anhydrous crystalline trehalose 


0.32 


6.42 


8.35 


9.65 


9.80 


Anhydrous amorphous trehalose 


0.83 


8.20 


9.57 


9.80 


9.80 


Hydrous crystalline trehalose 


9.57 


9.60 


9.62 


9.64 


9.70 



[0078] As evident from the results in Table 2, it was revealed that the anhydrous trehaloses exerted a strong dehy- 
15 drating activity, i.e. they entrapped moisture in the atmosphere in an amount of about 10% by weight of the anhydrous 
trehaloses, on a dry solid basis (d.s.b.). The anhydrous trehaloses were studied on their x-ray powder diffraction figures 
at a prescribed time-interval to reveal that they entrapped moisture and converted into hydrous crystalline trehaloses, 
and that the resultant products equilibrated and stabilized when absorbed about 10% moisture. An x-ray diffraction fig- 
ure of hydrous crystalline trehalose was as shown in FIG. 1 . 
20 [0079] Similarly as above, the anhydrous trehaloses were allowed to stand at 25°C and a relative humidity of about 
90%, followed by measuring the moisture contents (%) of the resultant products at a prescribed time-interval. Similarly 
as in the above, the anhydrous trehaloses were converted into hydrous crystalline trehalose and equilibrated when 
absorbed about 10% moisture. In this case, the resultant products retained their powdery forms and no phenomenon 
such as slicking and flowing was observed. 
25 [0080] Based on these properties, it was revealed that anhydrous trehalose can be advantageously used as a desic- 
cant for food products, pharmaceuticals, cosmetics and their materials or intermediates. 

Experiment 3 

so Comparison of dynamics of anhydrous trehalose and hydrous crystalline trehalose against gelatinized starch 

[0081 ] Four parts by weight of powdery glutinous rice was suspended in 6 parts by weight of water, and the suspen- 
sion was poured onto a wet dose covered over the inside surface of a wooden container, and steamed up at 105°C for 
10 minutes to obtain a gelatinized starch. To the gelatinized starch was added 7 parts by weight of hydrous crystalline 

35 trehalose or anhydrous crystalline trehalose prepared by the method in Example for reference 1 , and the resultant was 
mixed by a mixer until it showed homogeneity. Thereafter, the resultant mixture was sufficiently kneaded with 2 parts by 
weight of a starch hydrolyzate, formed, and mildly dried with a 40°C hot-air for 2 hours to obtain "gyuhl" (a rice paste). 
[0082] When the product prepared with anhydrous- or hydrous-crystalline trehalose was allowed to stand at 25°C 
without packaging, a colony of a black mold was observed in the product with hydrous crystalline trehalose after 1 5 days 

40 of its processing, while no bacterial contamination was observed in the product with anhydrous crystalline trehalose 
even after 30 days of its processing. 

[0083] The product with anhydrous crystalline trehalose after 30 days of its processing was cut in section, and the 
section was observed to find that the texture near the surface of the product exhibited only a slight solidification and had 
a crystalline trehalose, while the inner texture exhibited the same level of satisf iable semi -transparency, gloss and vis- 

45 cosity as the product immediately after its processing. An x-ray diffraction figure revealed that the crystalline trehalose 
was hydrous crystalline trehalose which had been converted from anhydrous crystalline trehalose. 
[0084] As a result, it was revealed that anhydrous trehalose acts as a desiccant for gelatinized starch and prevents 
bacterial contamination, as well as the retrogradation of gelatinized starch. Anhydrous trehalose having these satisf ia- 
ble properties can be favorably used in a variety of products prepared with gelatinized starch such as "gyuhi" and flour 

so paste. 

[0085] The preparation of powdery anhydrous trehalose according to the invention are described in the following 
Examples for reference: 

Example for reference 1 

55 

[0086] Hydrous crystalline trehalose was dissolved by heating in a small amount of water, and the resultant aqueous 
solution was placed in a vessel and boiled down in vacuo to obtain a syrup with a moisture content of 5.0%. The syrup 
was transferred to a crystallizer, mixed with one % by weight of anhydrous crystalline trehalose as a seed crystal 
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against the syrup, d.s.b., and allowed to crystallize trehalose at 120°C for 5 minutes under stirring conditions. The 
resultant massecuite was transferred to an aluminum container and aged at 100°C for 6 hours to form a block. 
[0087] The resultant block was pulverized by a cutter into a powdery product which was then subjected to a f lutdized- 
bed drying to obtain an anhydrous crystalline trehalose with a moisture content of 0.32% in the yield of about 87% 
5 against the material hydrous crystalline trehalose, d.s.b. The powder x-ray diffraction figure of the anhydrous crystalline 
trehalose was as shown in FIG.2. 

[0088] The product can be favorably used as a desiccant for hydrous matters such as food products, pharmaceuticals, 
cosmetics and their materials or intermediates, as well as a white powdery sweetener with a mild sweetness. 

w Example for reference 2 

[0089] An aqueous solution of a high-purity trehalose was placed in a vessel and boiled down in vacuo to obtain a 
syrup with a moisture content of 4.0%, which was then mixed with 5% by weight of anhydrous crystalline trehalose as 
a seed crystal against the syrup, d.s.b., and allowed to crystallize trehalose at 95°C under stirring conditions. The result- 
15 ant crystal was granulated by a granulator, aged, dried and pulverized by a pulverizer to obtain a powdery anhydrous 
crystalline trehalose with a moisture content of 0.53% in the yield of about 95% against the material trehalose, d.s.b. 
[0090] Similarly as the powdery anhydrous crystalline trehalose obtained by the method in Example for reference 1 , 
the product can be favorably used as a desiccant, as well as a sweetener for a variety of hydrous matters. 

^0 Example for reference 3 

[0091 ] Hydrous crystalline trehalose was completely dissolved in water at an ambient temperature, and the resultant 
aqueous solution was dried in vacuo at 60°C for 24 hours. The resultant dehydrated product was pulverized by a pul- 
verizer to obtain an anhydrous amorphous trehalose with a moisture content of 0.83% in the yield of about 89% against 
25 the material hydrous crystalline trehalose, d.s.b. The powder x-ray diffraction figure of the anhydrous amorphous treha- 
lose was as shown in FIG.3. 

[0092] Similarly as the powdery anhydrous crystalline trehalose obtained by the method in Example for reference 1 , 
the product can be favorably used as a sweetener, as well as a desiccant for a variety of hydrous matters. 
[0093] The examples and advantageous effects of the present invention are disclosed hereinafter: 

30 

Example 1 
Desiccant 

35 [0094] Twenty g aliquots of an anhydrous crystalline trehalose, obtained by the method in Example for reference 1 , 
were injected into moisture-permeable small paper-bags to obtain a desiccant. The product can be favorably used as a 
desiccant to dehydrate the atmosphere in a moistureproof package injected with a dehydrated food product such as a 
cookie or a toasted and seasoned laver. Dehydrated- and oily-food products can be stably stored by using the product 
in combination with an oxygen scavenger. 

40 

Example 2 

"Soboro-gyuhi" (a starch paste) 

45 [0095] Four parts by weight of a powdery glutinous rice was suspended in 6 parts by weight of water, and the resultant 
suspension was poured onto a wet cloth covered over the inside surface of a wooden container, steamed at 100°C for 
20 minutes, mixed with one part by weight of sucrose and 7 parts by weight of an anhydrous crystalline trehalose 
obtained by the method in Example for reference 1 , and further sufficiently mixed with 2 parts by weight of a starch 
hydrolyzate. The resultant mixture was formed and allowed to stand at an ambient temperature for 1 6 hours to convert 

50 the anhydrous trehalose into hydrous crystalline trehalose on the surface of the resultant product, which was then mi Idly 
rolled to form cracks on its surface to obtain the captioned product. The product had a satisf iabie flavor and retained its 
high quality for a relatively-long period of time without substantial bacterial contamination. 

Example 3 

55 

Confectionery made of sweet potato 

[0096] A sweet potato was sliced into thin pieces about 1 -cm thick, and the pieces were steamed, cooled at ambient 
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temperature, and dehydrated by dusting over them with an anhydrous crystalline trehalose prepared by the method in 
Example for reference 1 to convert the anhydrous crystalline trehalose into hydrous crystalline trehalose. Thus, the cap- 
tioned product having hydrous crystalline trehalose adhered on its surface, was prepared. The product had a satisf ia- 
ble flavor and stability. 

5 

Example 4 
Brandy Powder 

10 [0097] Ten parts by weight of pullulan was dissolved in 2 parts by weight of a brandy, and the resultant solution was 
mixed with 8 parts by weight of an anhydrous crystalline trehalose obtained by the method in Example for reference 2. 
The resultant mixture was transferred to a container, and allowed to stand for 2 days to form a block while allowing the 
anhydrous crystalline trehalose to convert into hydrous crystalline trehalose. The block was pulverized by a pulverizer 
and classified to obtain a brandy powder with a satisfiable flavor. The product is a flavor powder having an adequate 

15 sweetness and a sufficient brandy-flavor, and you can enjoy it in your mouth. The product can be favorably used as a 
flavor-imparting agent for tea, as well as a material for confectioneries such as a premix powder and candy. The product 
can be favorably formed into a granule or a tablet by a granulator or a tabletting machine. 

Example 5 

20 

"Miso" powder 

[0098] Two parts by weight of "akamiso" (a kind of miso) was mixed with 5 parts by weight of an anhydrous crystalline 
trehalose prepared by the method in Example for reference 2, and the resultant mixture was poured onto a metal plate 
25 provided with semispheric depressions, allowed to stand at an ambient temperature overnight to solidify the mixture in 
the depressions. The solidified products in the depressions were removed therefrom to obtain solid products, about 4g 
each, which were then subjected to a pulverizer to obtain the captioned product. The product can be favorably used as 
a seasoning in an instant noodle and instant soup. When the product formed into a solid product, it can be used as a 
solid seasoning or a miso confectionery. 

30 

Example 6 

Soy sauce powder 

35 [0099] A mixture, consisting of 0.02 parts by weight of a commercially available hydrous crystalline trehalose and 4 
parts by weight of an anhydrous crystalline trehalose prepared by the method in Example for reference 3, was sprayed 
with " usukuchi-shoyu" (a less-colored soy sauce) to give the final content of one part by weight while the mixture was 
moving on a conveyer belt, transferred to an ageing tower, and allowed to stand at 30°C overnight to covert the anhy- 
drous trehalose into hydrous crystalline trehalose. Thus, the captioned product was obtained. The product can be favo- 

40 rably used as a seasoning for an instant noodle or an instant soup. 

Example 7 
Egg-yolk powder 

45 

[01 00] An egg yolk prepared from a fresh egg was sterilized at 60-64°C by a plate-type heat sterilizer to obtain a liquid 
egg yolk. To one part by weight of the liquid egg yolk was added 4 parts by weight of an anhydrous crystalline trehalose 
prepared by the method in Example for reference 1, and, similarly as in Example 4 the resultant mixture was formed 
into a block which was then pulverized into an egg-yolk powder. The product can be favorably used as a material for 
so confectioneries such as premix powders, ice products and emulsifiers, as well as baby foods and therapeutic nutrients 
such as intubation foods and orally administrate fluid-foods. The product can be favorably used as a skin refiner and a 
hair restorer. 

Example 8 

55 

Yo ggrt powd e r 

[01 01 ] Two parts by weight of a plane yogurt was mixed with 8 parts by weight of an anhydrous crystalline trehalose 
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prepared by the method in Example for reference 1 , and, similarly as in Example 4 the resultant mixture was formed 
into a block which was then pulverized into a yogurt powder. The product had a satisfiable flavor and stably retained 
lactic acid bacteria alive for a relatively-long period of time. The product can be favorably used as a material for confec- 
tioneries such as premix powders, ice products, emulsifiers and baby foods, as well as therapeutic nutrients such as 
5 intubation foods and orally -administrate fluid-foods. The product can be favorably incorporated into margarine, 
whipped cream, spread, cheese cake and jelly to obtain a product having a yogurt-like flavor. The product can be 
formed by a granulator or a tabletting machine into a preparation of lactic acid bacteria which can be favorably used as 
an agent for intestinal disorder. 

w Example 9 
Hot cake mix 

[0102] A hot cake mix was obtained by mixing 200 parts by weight of a wheat flour with 60 parts by weight of an egg 
15 yolk powder prepared by the method in Example 7, 25 parts by weight of butter, 10 parts by weight of sugar, 12 parts 
by weight of a baking powder and 0.5 parts by weight of salt The product can be readily cooked into a hot cake having 
a satisfiable flavor by mixing the product with water or milk and baking the resultant mixture. 

Example 10 

20 

Ginseng extract powder 

[0103] A half part by weight of ginseng extract was kneaded with 1 .5 parts by weight of an anhydrous crystalline tre- 
halose prepared by the method in Example for reference 2, and, similarly as in Example 4 the resultant mixture was 
25 formed into a block and pulverized to obtain the captioned product The product was subjected to a granulator together 
with adequate amounts of powdery vitamins B1 and B2 to obtain a granular ginseng extract containing vitamins. The 
product can be favorably used as a fatigue-removing agent, restorative and tonic, as well as a hair restorer. 

Example 11 

30 

Solid preparation for fluid food 

[01 04] A composition consisting of 500 parts by weight of an anhydrous crystalline trehalose prepared by the method 
in Example for reference 2, 270 parts by weight of an egg yolk powder prepared by the method in Example 7, 209 parts 
35 by weight of a defatted milk, 4.4 parts by weight of sodium chloride, 1 .85 parts by weight of potassium chloride, 0.01 
part by weight of thiamine, 0.1 part by weight of sodium L-ascorbate, 0.6 parts by weight of vitamin-E acetate and 0.04 
parts by weight of nicotinic acid amide was prepared, and 25g aliquots of the composition were injected into small mois- 
tureproof aluminum bags, and heat sealed to obtain the captioned product. 

[0105] The product, wherein the moisture content in the atmosphere of the bag is decreased, does not require a cold 
40 storage and has a satisfiable stability for a relatively-long period of time even at an ambient temperature. The solubility 
and dispersibility in water are satisfactory. In use, one bag of the product is dissolved in about 150-300ml water into a 
fluid food prior to oral administration to the body or intubation into the nasal cavity, stomach and intestine. 

Example 12 

45 

Solid pharmaceutical preparation 

[01 06] New born hamsters were injected with an antiserum prepared from rabbits by conventional method in order to 
reduce their immunoreaction, subcutaneously transplanted with BALL-1 cells, and fed for 3 weeks in usual manner. 

so Subcutaneously-formed tumors in the hamsters were extracted and cut into pieces which were then dispersed and sus- 
pended in physiological saline. The resultant cells were washed with RPM1 1640 medium (pH 7.2) free of serum, resus- 
pened in a fresh preparation of the same medium to give a concentration of about 2x1 0 6 cells/ml, and kept at 35°C. 
[0107] To the cell suspension was added 200IU/ml human interferon-a, incubated for about 2 hours, mixed with about 
300HA (hemagglutination trter)/ml of Sendai virus (HVJ), and further incubated for 20 hours to induce human interferon- 

55 a. The resultant culture was centrifuged at about 1,000xg and about 4°C to remove sediment. The supernatant thus 
obtained was membrane filtered, and the resultant filtrate was fed to a column of an immobilized anti-interferon-a anti- 
body. The column was fed with a buffer to remove a non-adsorbed fraction, followed by eluting an adsorbed fraction 
from the column and concentrating the fraction into a solution of about 0.01 w/v % human interferon-a having a specific 
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activity of about 2x10 8 IU/mg protein in the yield of about 4ml per hamster. 

[01 08] Six g aliquots of a pyrogen-f ree anhydrous crystalline trehalose, prepared by the method in Example for refer- 
ence 1 , were placed in 100-ml moistureproof plastic bottles, and injected with 0.2ml aliquots of the solution containing 
about 4x10 6 IU of human interferon-a. followed by aseptically capping the bottles with rubber stoppers and cap-sealing 

5 them. Thus, the captioned product was obtained. According to the preparation, a solution containing human interferen- 
ce is simply dehydrated only by contacting it with a powdery anhydrous trehalose so that none of treatment apparatus 
and energy requisite for general lyophilization are required, and the human interferon-a is effectively stabilized. 
[0109] The product readily dissolves in water, and this renders it advantageously useful in an injection for an instilla- 
tion or an intramuscular injection as an agent for anti-susceptive diseases which can be prevented and/or treated with 

w human interferon-a, for example, an anti-virus agent, anti-tumor agent and agent of anti-rheumatism. The product can 
be suitably used as an internal medicine, as well as an agent for oral cavity. The product can be also used as a diag- 
nostic reagent. 

Example 13 

15 

So li d p h a rni ac eu tipa l p reparation 

[01 10] A seed culture of BALM cell derived from human lymphoblastoid was inoculated into Eagle's minimum essen- 
tial medium (pH 7.4) supplemented with 20% fetal calf serum, and subjected to a suspension culture in vitro at 37°C in 

20 usual manner. The resultant cells were washed with serum-free Eagle's minimum essential medium (pH 7.4), and 
resuspended in a fresh preparation of the same medium to give a concentration of about 1x10 7 cells/ml. To the cell sus- 
pension was added about 1 ,000HA/ml of HVJ, and incubated at 38°C for one day to induce human tumor necrosis fac- 
tors (hTNF-a). The resultant culture was centrif uged at about 1 ,000xg and 4°C to obtain a supernatant which was then 
dialyzed against a physiological saline (pH 7.2) containing 0.01 M phosphate buffer for 1 5 hours, and membrane filtered. 

25 The filtrate thus obtained was fed to a column of an anti-interferon antibody, and a non-adsorbed fraction was recovered 
and purified on an affinity chromatography using a column of an anti-tumor necrosis factor-a monoclonal antibody, fol- 
lowed by concentrating the resultant into a 0.01 w/v % solution of hTNF-a having a specific activity of about 2x10 6 JRU 
(Japan reference unit)/mg protein. The yield of hTNF-a was about 5x10 4 JRU per one L of the cell culture. 
[01 1 1 ] Ten g aliquots of an anhydrous crystalline trehalose, prepared by the method in Example for reference 1 , were 

30 injected into 100-ml vials which were then injected with 0.5ml aliquots of the solution containing about 1x10 5 JRU of 
hTNF-a, aseptically capped with rubber stoppers, and cap sealed to obtain the captioned product Since a solution con- 
taining hTNF-a is dehydrated by a powdery anhydrous trehalose in the above-mentioned preparation, no treatment 
such as a lyophilization is required and hTNF-a is effectively stabilized. 

[0112] The product readily dissolves in water, and this renders it advantageously useful in an injection for instillation 
35 or an intramuscular injection as an agent for anti -susceptive diseases which can be prevented and/or treated with 
hTNF-a, for example, an anti-virus agent, anti-tumor agent, agenl of anti-ascites and agent of anti-immunopathy. The 
product can be suitably used as an internal medicine, as well as an agent for oral cavity. The product can be also used 
as a diagnostic reagent. 

40 Example 14 

Traumatic ointment 

[01 1 3] Three parts by weight of iodine was dissolved in 450 parts by weight of an anhydrous crystalline trehalose pre- 
45 pared by the method in Example for reference 2, and the solution was admixed with 50 parts by weight of methanol. 
The resultant solution was admixed with 200 parts by weight of 10% aqueous pullulan solution and 50 parts by weight 
of hydrous maltose, and the resultant mixture was allowed to stand at an ambient temperature overnight to convert the 
anhydrous trehalose into hydrous crystalline trehalose. Thus, a traumatic ointment having a satisfiable extensibility and 
adhesion was obtained. 

so [01 14] The product heals trauma such as an ulcer caused by a cut, abrasion, burn and dermatophytosis. The product 
exerts the inherent bactericidal activity of iodine, and acts as a nutrient-supplementing agent for living cells because it 
contains trehalose. Thus, the product shortens a period required tor such a treatment and heals a wounded part thor- 
oughly. 

[01 1 5] As described above, the present invention relates to a desiccant comprising a non-reducing anhydrous treha- 
55 lose as an effective ingredient. The desiccant can be suitably used to decrease the moisture content in atmosphere of 
a moistureproof package injected with a dehydrated food product, as well as to decrease the moisture content in a 
hydrous matter such as food products, pharmaceuticals, cosmetics, products of chemical engineering, and their mate- 
rials or intermediates. The method according to the present invention, which contains a step of dehydrating a hydrous 
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matter by incorporating anhydrous trehalose into the hydrous matter to convert the anhydrous trehalose into hydrous 
crystalline trehalose, attains a substantial decrease of the moisture content in the hydrous matter, and does not require 
severe conditions such as heat drying. Thus, high-quality dehydrated products are readily prepared by the present 
invention without deteriorating the quality of hydrous matters such as food products which readily lose their flavors and 
5 tastes, as well as pharmaceuticals which are susceptible to decomposition and reduction of their effective components. 
The dehydrated products thus obtained have a relatively-high stability and a relatively-long shelf-life because they are 
prevented from bacterial contamination, as well as deterioration and alteration such as hydrolysis, acidification and 
browning. 

10 Claims 

1. Use of an anhydrous trehalose selected from the group consisting of anhydrous crystalline trehalose, anhydrous 
amorphous trehalose, and mixtures thereof, as a desiccant, wherein the anhydrous trehalose has substantially no 
reducing activity and is converted into hydrous crystalline trehalose upon absorbing moisture. 

15 

2. Use according to claim 1 , wherein said anhydrous crystalline trehalose is obtainable by: 

providing a trehalose syrup with a moisture content lower than 10 w/w %; 

keeping said syrup at a temperature in the range of 50-1 60°C in the presence of a seed crystal in order to crys- 
20 tallize anhydrous crystalline trehalose; and 

recovering the resultant anhydrous crystalline trehalose. 

3. Use according to claim 1 , wherein said anhydrous amorphous trehalose is obtainable by drying a trehalose syrup 
or a hydrous crystalline trehalose, and recovering the resultant anhydrous amorphous trehalose. 

25 

4. A method for dehydrating a hydrous matter, which contains a step of incorporating anhydrous trehalose into a 
hydrous matter to convert said anhydrous trehalose into hydrous crystalline trehalose. 

5. A method according to claim 4, wherein 0.01 -200 parts by weight of said anhydrous trehalose is incorporated into 
30 one part by weight of said hydrous matter. 

6. A method according to claim 4 or 5, wherein said anhydrous trehalose is a member selected from the group con- 
sisting of anhydrous crystalline trehalose, anhydrous amorphous trehalose, and mixture thereof. 

35 7. A method according to daim 6, wherein said anhydrous crystalline trehalose is obtainable by: 

providing a trehalose syrup with a moisture content lower than 10 w/w %; 

keeping said syrup at a temperature in the range of 50-1 60°C in the presence of a seed crystal in order to crys- 
tallize anhydrous crystalline trehalose; and 
40 recovering the resultant anhydrous crystalline trehalose. 

8. A method according to claim 6, wherein said anhydrous amorphous trehalose is obtainable by drying a trehalose 
syrup or a hydrous crystalline trehalose, and recovering the resultant anhydrous amorphous trehalose. 

45 9. A method according to any one of claims 4 to 8. wherein said hydrous matter contains one or more members 
selected from the group consisting of gelatinized starch, alcohol, oil-soluble substance and biologically active sub- 
stance. 

10. A method according to claim 4 to 9, wherein said hydrous matter comprises a food product, a pharmaceutical or a 
50 cosmetic. 

Patentanspruche 

1 . Verwendung einer wasserfreien Trehalose aus der Gruppe bestehend aus wasserfreier kristalliner Trehalose, was- 
55 serfreier amorpher Trehalose und Mischungen aus diesen, als Trockenmittel, wobei die wasserfreie Trehalose im 
Wesentlichen keine reduzierende Aktivitat aufweist und bei Aufnahme von Feuchtigkeit in wasserhaltige kristalline 
Trehalose umgewandelt wird. 
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2. Verwendung einer wasserfreien Trehalose gemaB Anspruch 1 , wobei die wasserf reie Trehalose erhdltlich ist durch 
Vorbereiten eines Trehalose Sirups mit einem Feuchtigkeitsgehalt von weniger als 10 Gew.-%, 

s Halten dieses Sirups bei einer Temperatur im Bereich zwischen 50 und 160°C in Gegenwart eines Kristallisa- 

tionskeimes zur Kristaliisation von wasserfreier kristaliiner Trehalose . und 

Gewinnen der entstehenden wasserfreien kristallinen Trehalose. 

io 3. Verwendung gemaB Anspruch 1 , wobei die wasserfreie amorphe Trehalose erhaitiich ist durch Trocknen eines Tre- 
halose Sirups oder einer wasserhaltigen kristaJlinen Trehalose und Gewinnen der entstehenden wasserfreien 
amorphen Trehalose. 

4. Verfahren zum Entwdssern eines wasserhaltigen Stoffes, das einen Schritt enthaJt bet dem wasserfreie Trehalose 
is mit dem wasserhaltigen Staff zusammengebracht wird, urn die wasserfreie Trehalose in wasserhaltige Trehalose 

umzuwandeln. 

5. Verfahren gemaB Anspruch 4, wobei 0,01 - 200 Gewichtsanteile der wasserfreien Trehalose mit einem Gewichts- 
anteil des wasserhaltigen Stoffes zusammengebracht werden. 

20 

6. Verfahren gemaB Anspruch 4 oder 5, wobei die wasserfreie Trehalose zur Gruppe bestehend aus wasserfreier kri- 
staliiner Trehalose, wassefreier amorpher Trehalose und Mtschungen aus diesen, gehort. 

7. Verfahren gemaB Anspruch 6, bei dem die wasserfreie kristailine Trehalose erhaitiich ist durch 

25 

Vorbereiten eines Trehalose Sirups mit einem Feuchtigkeitsgehalt von weniger als 10 Gew.-% ; 

Halten dieses Sirups bei einer Temperatur im Bereich zwischen 50 und 160° in Gegenwart eines Kristallisati- 
onskeimes zur Kristaliisation von wasserfreier kristaliiner Trehalose; und 

30 

Gewinnen der entstehenden wasserfreien kristallinen Trehalose. 

8. Verfahren gemaB Anspruch 6, wobei die wasserfreie amorphe Trehalose erhaitiich ist durch Trocknen eines Treha- 
lose Sirups oder einer wasserhaltigen kristallinen Trehalose und Gewinnen der entstehenden wasserfreien amor- 

35 phen Trehalose. 

9. Verfahren gemaB einem der Anspruche 1 bis 8, wobei der wasserhaltige Staff ein oder mehrere Mrtglieder urrtfaBt 
aus der Gruppe bestehend aus gelatinierter Starke, Alkohol, Olloslicher Substanz und biologisch aktiver Substanz. 

40 10. Verfahren gemaB Anspruch 4 bis 9, wobei der wasserhaltige Stoff ein Nahrungsmittel, ein pharmazeutisches Pro- 
dukt oder ein kosmetisches Produkt umfaBL 

Revendlcatlons 

45 1 . Utilisation d'un trehalose anhydre choisi dans I'ensemble constitue par le trehalose cristallin anhydre, le trehalose 
amorphe anhydre et des melanges de ceux-ci, en tant que dessechant. dans laquelle le trehalose anhydre n'a pra- 
tiquement pas dactivite reductrice et est transforme en trehalose cristallin hydrate par absorption d'humidite. 

2. Utilisation selon la revendication 1 , ledit trehalose cristallin anhydre pouvant etre obtenu au moyen des etapes con- 
50 sistant a : 

fournir un sirop de trehalose ayant une teneur en humidite irrferieure a 10 % en poidsypoids ; 
maintenir ledit sirop a une temperature dans la plage de 50 a 1 60°C en presence d'un germe cristallin de fagon 
a faire cristalliser du trehalose cristallin anhydre ; et 
55 recueillir le trehalose cristallin anhydre resultant. 

3. Utilisation selon la revendication 1, ledit trehalose amorphe anhydre pouvant etre obtenu par dessiccation d'un 
sirop de trehalose ou d'un trehalose cristallin hydrate, et par recuperation du trehalose amorphe anhydre resultant. 
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4. Procfrte de deshydratation d'une mature hydratee, comprenant une 6tape consrstant a incorporer du trehalose 
anhydre dans une mature hydratee pour transformer ledit trehalose anhydre en trehalose cristallin hydrate. 

5. Proc6de selon la revendication 4, dans lequel on incorpore 0,01 a 200 parties en poids dudit trehalose anhydre 
5 dans une parti e en poids de ladite matiere hydrate. 

6. Proc6de selon la revendication 4 ou 5, dans lequel ledit trehalose anhydre est un element choisi dans I'ensemble 
constitue par le trehalose cristallin anhydre, le trehalose amorphe anhydre et un melange de ceux-ct. 

w 7. Proc6de selon la revendication 6, dans lequel on peut obtenir ledit trehalose cristallin anhydre en : 

fournissant un sirop de trehalose ayant une teneur en humicfit6 inferieure a 10 % en poidsfaoids ; 
mairrtenant ledit sirop a une temperature dans la plage de 50 a 160°C en presence d'un germe cristallin de 
fagon a faire aistalliser du trehalose cristallin anhydre ; et 
15 recueillant le trehalose cristallin anhydre resultant. 

8. Proc6de selon la revendication 6, dans lequel on peut obtenir ledit trehalose amorphe anhydre en sechant un sirop 
de trehalose ou un trehalose cristallin hydrate et en recueillant le trehalose amorphe anhydre resultant 

20 9. Proc6d6 selon Tune quelconque des revendications 4 a 8, dans lequel ladite matfere hydratee contient un ou plu- 
sieurs Elements choisis dans I'ensemble constitue par un amidon gelatinise, un alcool, une substance oleosoluble 
et une substance biologiquement active. 

10. Proc6de selon les revendications 4 a 9, dans lequel ladite matiere hydratee comprend un produit alimentaire, un 
25 produit pharmaceutique ou un produit cosm&ique. 
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FIG, 2 
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FIG, 3 
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